We present time-resolved reflectivity spectra of optically, homogeneously switched photonic crystals. We observe large, ultrafast shifts of stopbands of GaAs/AlAs multilayer structures as well as in the photonic bandgap range of 3D Si inverse opals. ©2006 Optical Society of America OCIS codes: (320.7130) Ultrafast processes in condensed matter; (160.4670) Optical materials
Ultrafast switching experiments
We use free carrier generation by ultrafast laser pulses to switch the optical properties of semiconductor photonic crystals. In photonic crystals, optical Bragg diffraction leads to the formation of stopbands. In 3D photonic crystals, stopbands can occur in all directions simultaneously leading to a bandgap region in which the density of states vanishes. If the refractive index of the photonic crystal backbone is changed, shifts in stopbands as well as large changes in the density of states are predicted [1] .
Photonic crystal switching experiments require a large switching magnitude, a short switching time-scale, a low induced absorption, as well as a good spatial homogeneity [1, 2] . We set important requirements for the switching magnitude, the time-scale, the induced absorption as well as the spatial homogeneity. From a new nonlinear absorption model that incorporates diffuse scattering, we conclude that homogeneous photonic crystal switching is feasible for pump wavelengths near the two-photon absorption edge of the semiconductor backbone [2] .
Stopgap switching in GaAs/AlAs photonic structures
In Fig. 1 , we present time resolved reflectivity measurements that demonstrate a large and ultrafast change in the stopgap reflectivity of a GaAs/AlAs photonic structure, induced by selectively pumping the GaAs layers by twophoton absorption. We observe both large decreases up to ΔR > 40 % as well as large increases up to ΔR > 8 % in the stopband reflectivity. The curves in Fig. 1 represent transfer matrix calculations that take into account both the nonlinear absorption of pump light, as well as the Drude model for free carriers. The only free parameter in our model is the Drude damping time τ Drude for GaAs, which relates the carrier density to the induced absorption of probe light. We find good agreement for τ Drude = 1.0 fs. From our model we obtain a large maximum refractive index change of Δn'/n' = 2.3 % in the first GaAs layer for a pump intensity of 530 GWcm -2 and a probe frequency ω = 7700 cm -1 . The corresponding change in the 25 th GaAs layer of the switched structure is still Δn'/n' = 2.0 %, indicating excellent spatial homogeneity.
In Fig. 2 , stopband widths were obtained from both the measured spectra (symbols) as well as from the modeled spectra (curves) and are plotted versus pump intensity. The stopband width decreases for increasing pump intensity, consistent with the lowered refractive index contrast in the structure. We find good agreement for pump intensities up to 530 GWcm -2 . For even higher pump intensities additional nonlinear effects in the AlAs layers must also be taken into account. Fig. 3 shows an SEM image of a 3D photonic crystal: a Si inverse opal with lattice parameter a = 1237 nm, fabricated by chemical vapor deposition of crystalline Si in a thin film opal [3, 4] . Si inverse opals are ideal samples for density of state switching experiments, as a photonic bandgap is expected to occur in the second order stopband region. A Si inverse opal with lattice parameter a = 1330 nm, and a predicted bandgap around ω = 6000 cm -1 was pumped by two-photon absorption at a wavelength of 1550 nm. Fig. 4 shows the observed large blue shift of the second order stopband around ω = 6000 cm -1 , at various pump intensities. The right-hand reflectivity peak in the spectrum, centered around ω = 5800 cm -1 corresponds to the predicted bandgap position. For a pump intensity of 60 GWcm -2 a large shift of Δω/ω > 3 % was observed. The corresponding change in refractive index Δn'/n' is estimated to be larger than 5 %. We observe only a small decrease in peak reflectivity, indicating that the induced absorption remains small. To the best of our knowledge, the results presented here are the first ultrafast switching experiments in photonic bandgap crystals. 
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